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ABSTRACT

The technigue of threshold photoelectron—photoion coincidence spectroscopy has been
used to study the dissociation of state-selected dimethyl ether (CH,OCH,) cations. The
crossover region (10.5-11.5 eV) of the breakdown curve for the lowest energy dissociation
(CH,O0CHT - CH,;OCH] -+ H) has been recorded for the first time using threshold photo-
electron-photoion coincidence with vatiable ion residence time. No shift in the crossover
point is detected for a change in residence time of 0.66-5.57 ps, indicating that the H loss
dissociation is a fast {k - 107 s~ 1) process. A calculated fit to the 5.57 ps data produces a
threshold of 11.115+0.010 eV at a temperature of 0 K. Information on higher energy
fragmentations is obtained from the breakdown curve. The shape of the m /z 29 ion curve
indicates that m /2 29 ious are being formed by at least two processes. At low energy, HCO™
is the product of a secondary dissociation from the unstable H,CO™" (m /z 31) fragment ion.
This dissociation is joined at higher encrgies by the secondary reaction of the H,COH"
(m/z 31y and CH,OCH (m /2 45) fragments to the HCO™ ion.
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INTRODUCTION

The ionization and dissociation energetics of dimethyl ether (CH,OCH,;)
have been intensively studied over the last 26 years using spectroscopic {1},
electron impact [2-10], and photoionization techniques [11-23]. The conclu-
sions of these studies have greatly increased our understanding of the
fragmentation of the dimethyl ether cation. However, several aspects of its
gas phase ion chemistry remain either unanswered or unconfirmed. Clearly,
the most controversial aspect of the dimethyl ether story has concerned the
appearance energy (AE) and structure of the m/z 31 fragment ion. The
appearance energy of this ion from dimethyl ether has been measured in
several independent electron impact experiments [3-10]. The AE in these
experiments has consistently fallen within the 11.0-12.5 eV energy range. In
a photoionization experiment by Botter et al. [23], however, the AE for m/z
31 was measured at 13.35 eV. This large discrepancy was explained at the
time as being due to the population by electron impact of a low energy
optically forbidden ionic state of dimethyl ether which dissociates to m/z 31.
Efforts to identify the structure of the m/z 31 ion have produced three
isomers. The methoxide structure, H,CO™, was assumed to be the correct
structure in early studies [4,7]. In later experiments [8,24-26), the protonated
formaldehyde, H,COH", and an H,-HCO™ complex structure were pro-
posed as being correct. A collisional activation study by Dill et al. [24] has
provided evidence that the ion has the protonated formaldehyde structure.

Recently, Bouma et al. [25] have performed ab initio molecular orbital
calculations in an effort to elucidate the structure of the H,COH™ ion at
threshold. They reported that the m/z 31 ion is formed with the H,COH"
structure following an isomerization of dimethyl ether™ to the CH,OHCH;
structure. The CH,OHCHZ ion has been experimentally determined to be
42 kJ mol~! more stable than CH,OCH7 [27].

In this study, we have examined the ionization and dissociation of
state-selected dimethyl ether cations using the experimental technique of
threshold photoelectron—photoion coincidence with variable ion residence
time. We report here for the first time the complete breakdown curve from
10.5 to 18 eV and the threshold photoelectron spectrum from 9510 19.5¢eV.
The results of our experiments examined in relation to those of previous
studies enable us to determine the origins and onsets of the fragment ions.

EXPERIMENTAL

The threshold photoelectron spectrum and breakdown curve for dimethyl
ether were obtained using the threshold photoelectron—photoion coincidence
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spectrometer described previously [28-30]. Figure 1 shows schematically the
spectrometer with its data acquisition electronics and data processing sys-
tem. In the coincidence experiment, vacuum ultraviolet light produced by
either a hydrogen many-line ot helium Hopfield continuum light source 18
dispersed by a 1-m Seya—Namioka monochromator. The monochromatic
light is used to photoionize a low pressure of gaseous sample in the source
region of the spectrometer. Photoelectrons are accelerated by a weak (0.8 V
cm 1) electrostatic field toward the electron analyzer—detector system. The
electron energy analyzer comprises an electron drift tube acting as a
steradiancy analyzer followed by a 127° clectrostatic sector analyzer. Volt-
ages on this analyzer system are chosen so as to allow the passage principally
of electrons formed with essentially zero kinetic energy. The form of the
electron energy analyzer sampling function was determined during the
course of the dimethyl ether experiments to be identical to that previously
determined in ref. 28. The width of the function is 26 meV fwhm. The
electron signal provides the start signal to the time digitizer and the trigger
signal to the high voltage pulser. The output of the high voltage pulser is
used to eject ions from the source region. Upon application of the pulse, ions
are accelerated through the source, pass through a drift region, and are
detected by the ion multiplier. Detection of the ion provides the stop signal
to the time digitizer. The difference in time between start and stop signal is

the ion time of flight and is a function of the mass and charge of the ion.
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For a study of kinetic shift effects, the time of application of the gjection
pulse can be delayed by first passing the trigger to the high voliage pulser
through a gate and delay unit (not shown in Fig. 1). In this manner, delays
of the ion ejection pulse on the order of microseconds are realized and the
time available for iomic fragmentation Of isomerization in the source is
increased.

In the photoelectron experiment, threshold electrons are counted in addi-
tion to the photons. The connection represented by the dotted line in Fig. 1
enables the electrons to be counted in this experiment.

The spectrometer is controlled in the coincidence and photoelectron
experiments by an LSI 11,23 computer® with CAMAC instrumentation. A
more detailed account of the automation of the spectrometer will be pub-
lished in the near future.

The high resolution mass spectrometric studies were performed at NBS on
a Varian-MAT 731 mass spectrometer operated at a resolution of 5000.

RESULTS
Threshold photoelectron spectium

The threshold photoelectron spectrum of dimethy! ether is shown in Fig.
2(a). The adiabatic ionization potential is 10.025 + 0.025 eV as interpreted
from the maximum of the first band in the spectrum. This value is 1n
agreement with several previously reported ionization potentials for dimethyl
ether obtained by photoelectron [11,12,15,16318,19,22], spectroscopic [1], and
photoionization methods [23]. The first band of the photoelectron spectrum
has been assigned as originating from the ionization of one of the non-bond-
ing oxygen electrons [31]. The next four bands with vertical ionization
potentials of 11.91, 13.43, 14.20 and 16.0 eV have also been assigned [31].
These bands are evident in the threshold photoelectron spectrum of Fig. 2(a).

A comparison of the Hel [31] and threshold photoelectron spectra of
dimethyl ether between the energies of 10.5 and 11.5 eV clearly shows that
the Franck-Condon gap between the first two bands in the threshold
spectrum is not as deep as that in the Hel spectrum. This significant
threshold electron signal is due to autoionization leading to the production
of zero or near Zero energy clectrons. This autoionization process allows us
to measure coincident 101 signals in energy regions where the cross-section
for direct photoionization as indicated by the Hel photoelectron spectrum is
negligible.

% Certain commercial products are identified in this paper. This does not constitute an
endorsement by the National Bureau of Standards.
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Fig. 2. (&) Threshold photoelectron gpectrum of dimethy! ether. (b) Breakdown curves of @,
parent” (CH,OCH ); &, m/jz 45 (CH,OCHY ); and O, m/z 29 (HCO™). (©) Breakdown
curves of ®, m /z 31 (H,COH") and A, m /z 15 (CH7).

Breakdown curve

The complete breakdown curve for dimethyl ether from 10.5 to 18 eV is
shown in- Fig. 2(b) and (c). The first ion to be formed in the ionic
dissociation of dimethyl ether is the m/z 45 ion. In Fig. 2b, the rise of the
m/z 45 curve corresponds to the fall of the parent m/z 46 curve, with the
two curves crossing at an energy of approximately 11.0 eV. Interestingly, the
energy region of the m/z 45 onset corresponds to that of the Franck-Con-
don gap in the threshold photoelectron spectrum of Fig. 2(a). The m/z 45
ion, therefore, is formed in this energy region by the dissociation of highly
vibrationally excited dimethyl ether parent ions produced by autoionization.
The second fragment ion from dimethyl ether is the m/z 31100 whose curve
is shown in Fig. 2(c). An AE(298) <11.85 £ 0.10 eV can be measured from
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this curve. This AE and all AEs obtained from the ion curves of Fig. 2(b)
and (c) are reported as upper limits due to the possible presence of kinetic
shifts in the dissociations. In the energy region in which the m/z 31 ion
curve rises, the m/z 45 curve decreases slightly but never crosses the m/z 31
curve. This indicates that, in this energy region, the m/z 31 ion is formed by
a process competitive with that of the m/z 45 fragment ion. The third ion to
be identified from the dimethyl ether breakdown curve is ni/z 29 in Fig.
2(b). An AFE(298) <1285+0.10 eV is measured from this curve. At
14.0 + 0.1 and 14.9 + 0.1 eV, the m/z 29 curve exhibits abrupt changes in
slope which divide the curve into three sections: 12.85-14.0, 14.0-14.9 and
14.9-18 eV. The initial rise of the m/z 29 curve in Fig. 2(b) from 12.85 to
14.0 eV causes neither the m/z 45 or the m/z 31 ion curves to decrease to
the extent of crossing the m/z 29 curve. This portion of the m/z 29 curve
appears to be the result of a primary dissociation from m/z 46. Between 14.0
and 14.9 eV, the m/z 29 ion signal increases, the m/z 45 ion signal
decreases, and the two ion curves exhibit a clear crossover point. This is
evidence that, in this energy region, the m/z 29 ion is being produced in a
secondary dissociation from the m/z 45 fragment. The slow decrease of the
m/z 29 curve at photon energies higher than 14.9 eV corresponds to the
increase in the m/z 15 ion curve of Fig. 2(c). From the m/z 15 curve, an
AE(298) < 14.4 4+ 0.1 ¢V can be measured. The behavior of the m/z 29 and
m/z 15 ion curves and the crossing of the rising m,/z 15 curve by the falling
m/z 45 curve indicates that m/z 15 is formed in a secondary dissociation
from m/z 45 and is in competition with the m/z 29 dissociation.

Time-dependent breakdown curves of m /z 46 and m /z 45

The time dependence of the H-loss fragmentation channel was studied by
recording the crossover region of the parent and m/z 45 breakdown curve at
two different ion residence times. These results are presented in Fig. 3 for
times of 0.66 and 5.57 ps. A comparison of the crossover points for the two
residence times indicates that there is no shift in energy within the experi-
mental limits of the crossover point. This means that the H-loss fragmenta-
tion occurs with a rate greater than or equal to 1 X 107 s™" at its onset.

It has previously been shown [29,32] that, for fast dissociations in which
there is no shift of the crossover point with time, the form of the parent and
fragment breakdown curve should be describable by the convolution of a
step function with an appropriate apparatus function and the rotational and
vibrational thermal energy distributions. The results of these convolutions
are shown in Fig. 3 as solid lines through the points of the 5.57 ps data. The
apparatus function was given by the measured threshold photoelectron
spectrum of Kr at the *P, , limit. The vibrational thermal distribution was
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Fig. 3. Breakdown curve for the dissociation CH,OCH? (#) = CH ,OCHT (a)+H at 0.66 and
5.57 ps ion source residence times. The arrows labeled C and T indicate the photon energy at
crossover (50% fragmentation) and the energy of the 0 K. threshold, respectively.

calculated using the vibrational frequencies of dimethyl ether reported by
Shimanouchi [33]. The rotational energy distribution was assumed to be that
of a three-dimensional rotor. The superb fit of the calculated curve yields a 0
K fragmentation threshold of 11.115 + 0.010 eV. The error in this measure-
ment is a reflection of the small scatter in the data of the breakdown curve.
This 0 K fragmentation threshold is in excellent agreement with a 0 K
threshold of 11.12 + 0.02 eV deduced by Botter et al. [23] in a study of the
temperature dependence of the m/e 45 onset.

DISCUSSION

In this section, qualitative and quantitative information provided by the
threshold photoelectron spectrum, the time-dependent breakdown curves,
and the complete breakdown curve is used to explain the primary and
secondary fragmentations of dimethyl ether. lon structures are suggested
where appropriate.
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m/z 46

The ionization potential of 10.025 + 0.025 eV from the threshold photo-
electron spectrum can be used to calculate 0 and 298 K heats of formation
(A HY values) for the m/z 46 CH,OCH; ion. Neutral A H values at 0 and
298 K for dimethyl ether are —166.293 and —184.05 kJ mol ™!, respectively
[34]. Using these values, we calculate a &Hé’) (CH,OCH7Y) of 801 +2 kJ
mol ™! and a AHY, (CH,;OCH7) of 783 £ 2 kJ mol~!. Previously reported
values are 800 + 2 kJ mol ™! at 0 K and 782 + 2 kJ mol ™" at 298 K [23].

m/z 45

In previous studies [2,4], the CH,OCHJ structure has been assigned to
the m/z 45 ion from dimethyl ether. The dissociation to m/z 45 is repre-
sented by the reaction

CH,OCH? - CH,0CH; +H (1)

The 11.115 + 0.010 eV threshold obtained from the fit of the 5.57 us
breakdown curve of Fig. 3 can be used with a known AH{ (CH,OCH,) of
~166.293 kJ mol ™! [34] and a known A H(H) of 216.003 kJ mol ™! [34] to
calculate a AHS} (CH,OCH ) of 650 £ 1 kJ mol L. Ai;é*f(‘:g (CH,OCHY) can
be calculated using the 0 K value and vibrational frequencies for the m/z 45
ion constructed from those of neutral formaldehyde and dimethyl ether [33].
Using the method outlined by Monteiro et al. [35] and the stationary
electron convection [36], we calculate AH{ ( CH,0CH7) to be 675 +1 kJ
mol ™',

m/z 31

The m/z 31 ion curve of Fig. 2(¢c) onsets at an energy = 11.854+0.10 eV
and rises gradually with increasing photon energy. Both observations are in
agreement with those made by Lossing [9] in an electron impact study of
dimethy! ether. In that study, Lossing measured an onset for the m/z 31 ion
of <11.8 eV and commented that increase in cross-section above the onset
for the ion was extremely slow.

The absence of a crossover point in the breakdown curve for m/z 45 and
m/z 31 below 14 eV indicates that m/z 31 is produced in a primary
fragmentation. Moreover, the H,COH™ structure has been established in
several studies [8,24,25] as the structure of this m/z 31 ion. Therefore, the
dissociation of dimethyl ether™ to m/z 31 can be written as

CH,OCH? — H,COH" + CH, (2)




Bouma et al. [25], in a recent theoretical study, made the claim that before
fragmenting to H,COH™ + CH,, dimethyl ether™ must pass over a 146 kJ
mol ™! high energy barrier and isomerize to the CH,OHCH? structure. This
isomerization prior to dissociation would produce the H,COH™ + CH,
products with 110 kJ mol™! of excess energy. A conclusive test of this
mechanism would be to measure the kinetic energy release in the m/e 31
dissociation channel as a function of the internal energy of the dimethyl
ether parent ion using the coincidence experimental technique [28].

m/z 29

The m/z 29 ion curve of Fig. 2(b) onsets at an energy of < 12.85 +0.10
eV. The only previously reported onset for this ion from dimethyl ether was
13.96 + 0.2 eV measured in an electron impact experiment by Ivko [10]. We
believe the electron impact value to be less accurate than our photoioniza-
tion value due to the large energy spread of the ionizing electron beam.

The gradual rise of the m/z 29 curve from 12.85 to 14 eV could be
produced by several thermochemically allowed processes. These include

CH,OCH; — C,H{ + OH (3)
CH,OCH} - CH,0CH} + H— HCO"+ CH,+ H (4)
CH,OCH; — H,COH* + CH, - HCO* + H, + CH, ()
CH,OCH} - H,CO* + CH, — HCO™ + H, + CH, (6)

Fortunately, several of these mechanisms can be eliminated. A high
resolution mass spectral scan of the m/z 29 ion at nominal electron energies
greater than 15 eV reveals that HCO™ and C,HI m/z 29 ions are produced.
However, decreasing the nominal electron energy below 15 eV causes the
C,H? peak to disappear leaving only the HCO™ peak. Therefore, we believe
reaction (3} cannot be the source of the m/z 29 signal at onset. In reaction
(4), the m/z 29 HCO™ ion is produced in a secondary process from the m/z
45 fragment ion. One would expect the m/z 29 1on curve produced by this
process to rise sharply and the m/z 45 curve to fall correspondingly, both
curves crossing at some energy shortly above onset for the process. The fact
that this behavior is not observed in Fig. 2(b) appears to rule out reaction
(4). However, this is precisely what 1s observed from 14 to 14.9 eV and is
presumed to be the source of the crossover observed there (see below). In
reaction (5), the HCO™ ion is again produced in a secondary process from
the H,COH™ m/z 31 ion. As in the case of reaction (4), the rise of the m/z
29 ion curve does not correspond to a fall in the m/z 31 curve. In fact, the
m/z 31 curve continues to slowly rise above the onset of the m/z 29 ion
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indicating that H,COH™ is not the source of the m/z 79, The AF(298) of
HCO™ produced in reaction (5) can be calculated from the AH g " values of
HCO™ (816 kJ mol™ 1), CH, (1423 KJ mol™ 1), and CH,OCH, (—184.05 kJ
mol ™) [34] and a knowledge of the height of the reverse activation barrier
(125 kJ mol 1) for the 1,2-hydrogen climination reaction [37]. The ATB(298)
is determined to be 13.14 + 0.15 eV. It is tempting on the basis of this
calculation to attribute the m/z 29 signal below 14.0 eV to reaction (5)
alone. However, the onset for m/z 29 of < 12.85 + 0.010 eV measured from
the breakdown curve is lower than that which is thermochemically calcu-
lated. This behavior is contrary to the effects of Kinetic and competitive
chifts on experimentally determined onsets. Despite the apparent absence of
4 decrease in the m/z 31 curve below 14.0 eV, we helieve that reaction (3)
could occur at energies = 13.14 eV. The anticipated decrease could be spread
over several electron volts and displaced to higher energies due to (1) the
broad internal energy distribution [38] of the reacting H,COH" ions and (2)
the fact that reaction (5) has been shown to be a metastable process 137,391
Perhaps the decrease in the m/z 31 curve above 14.5 eV is due to reaction (5)
and the increasing m/Zz 15 curve. This can certainly be checked by a careful
modeling of the reaction and a subsequent calculation of the breakdown
curve. In reaction (6), the HCO™ ion is produced in a secondary reaction
from the isomeric m/Zz 31 H,CO™ methoxide ion. Bowen and Williams [26]
have observed that the 70 eV mass spectrum of dimethyl ether has no
discernible metastable peak for the dissociation of H,CO™ to HCO™+ H,.
This was attributed to a small activation energy and fast rise of the rate
versus energy curve for the reaction. The claim of a fast reaction of H,CO"
to HCO™+ H, was further substantiated by the results of a collisional
activation study by Dill et al. [24]. In this experiment, comparison of the
collisional activation of m/z 31 ions produced from dimethyl ether and 9
other precursors indicated that only one m/z 31 isomer, H,COH™. existed
10-% s after ion formation. The possibility was suggested, however, that at
higher energies the H,CO™ ion could be formed as a result of direct bond
cleavage from dimethyl ether”. The inability to detect a collisional activa-
tion spectrum for the H,CO™ ion could be explained as being due to the fast
ceaction (k> 10%s7") of the H,CO™ ion to HCO™ + H,. The tendency for
the H,CO™ to dissociate to HCO™ + H, is further reflected in the gas phase
equilibrium studies of Hiraoka and Kebarle [40,45]. In these experiments,
the H,CO™ ion produced by combining H, and HCO™ in a high-pressure
pulsed mass spectrometer was found to be stable only at temperatures 1ess
than 100°C. At higher temperatures, H,CO" reverts to the products HCO™
+ H,. The fact that the H,CO™ ion rapidly dissociates 10 HCO* and H;
enables us to explain the source of the m/z 29 signal below 14 eV as being
due principally to reaction (6). We believe that the H,CO™ ion 1s formed
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from dimethyl ether™ in a direct dissociation. The H,CO™ ion then rapidly
dissociates to HCO' and H,. In coincident time-of-flight spectra recorded
near the 12.85 eV onset, the m/z 29 HCO™ ion peaks did not exhibit tails 10
longer time-of-flight characteristic of metastable. dissociations [30]. This
means that the primary and secondary steps of reaction (6) must occur with
rates = 107 s7'. Therefore, H,CO™ ions dissociate 10 HCO®' and H, as
quickly as they are formed, causing no decrease in the m/z 31 ion curve
below 14 eV.

From 14.0 to 14.9 eV, the m/z 79 breakdown curve 1ises sharply. This rise
in the m/z 29 signal corresponds nicely with the abrupt fall in the m/z 45
curve indicating that, in this energy range. m /z 29 is being formed from m/z
45 according to reaction (4). Hyvistendahl and Williams [41] determined the
activation energy for CH, loss from CH,OCHZ to be < 347 kJ mol™%.
Using the onset of 14.0 + 0.1 eV from the breakdown curve as a measure of
the AE(298) produces a calculated activation energy of <285 kJ mol™\.

At photon energies greater than 14.90 eV, the m/z 29 curve slowly
decreases due to the increasing rate of the competing m/z 15 dissociation
channel. The decrease in m/z 29 curve could also be attributed, to a lesser
extent, to the production not only of HCOY, but also C,H? and possibly
COH™ ions, all of which have large amounts of kinetic energy [42]:

The production of the C,HZ m/z 29 ion detected by high resolution mass
spectrometry at aominal electron greater than 15 eV is intriguing. [t is
difficult to pinpoint the exact source of this ion at these energies. Determina-
tion of the precursor to C,H{ is complicated by the number of thermochem-
ically accessible isomers of m/z 31, m/z 45, and m/z 46. One possibility is
that the C,H? ion could be formed in a fast dissociation from the m/z 435
C,H,O" ethoxide ‘on isomer. To date, the ethoxide ion has been detected
only in a charge stripping experiment [43]. At this stage, determination of
the source of C,H{ at high energies is contingent upon further experimenta-
tion.

Several eleciron impact mass spectrometric studies have reported large
m/z-29-ion signals from dimethyl ether [10,26,44]. According to the break-
down curve of Fig. 2(b) and (<), the m/z 29 ion <hould also be an abundant
fragment in the photoionization mass spectrum of dimethyl ether. It is
puzzling that in the photoionization mass spectrometric study of dimethyl
ether by Botter et al. [23], no mention was made of a m/z 29 fragment ton.
However, their photoionization efficiency curve for m/z 31 from dimethyl
ether has an onset at approximately the same energy as the m/z 29
breakdown curve in Fig, 2(b). Moreover, the m/z 31 phototonization ef-
ficiency curve measured by Botter et al. exhibits definite changes in slope at
precisely the same energies as the changes in slope of our m/z 29 breakdown
curve. A reasonable explanation would be that the m/z 31 photoionization
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curve was misidentified in the photoionization study and is, in reality, m/z
29.

m/z15

An AF(298) of 14.4 + 0.1 eV canbe measured from the m/z 15 CHy ion
curve. This is in precise agreement with the value of 14.4 eV measured by
Botter et al. [23]. The m/z 15 CHy ion is formed in a secondary ion
dissociation from the m/z 45 according to the reaction

CH,OCH7 - CH,OCH; + H - CH; +H,CO+H (7)

SUMMARY

An AE(0 K) of 11115 & 0.010 eV for the dissociation of dimethyl ether to
m/z 45 is obtained from a calculated fit of the crossover region of the m/z
45 and m/z 46 1on curves at 5.57 us ion residence time. Using this threshold,
the heat of formation of CH,OCH; at 0 and 298 K is calculated to be
690 +1 and 675 + 1 kJ mol ™1, respectively.

Information from the breakdown curve is used to determine the primary
and secondary fragmentations of dimethyl ether ©. Primary fragmentations
include

CH,OCH{ —CH,0CH] +H

(m/z 45)
CH,OCH} —H,COH" +CH,
(m/z 31)
Secondary fragmentations include
fas .
CH,OCH: —H,CO* + CH, > HCO' +H,+CH, (<12.85 V)
{(m/z29)
CH,OCH7 — CH,OCH; + H - HCO™ +H+CH, (high energy)
(m/z29)

CH,OCH? — H,COH" + CH,™Y HCO* +H,+CH, (>13.14¢V)
(m/z29)
CH,OCHY — CH,OCH} + H— CHj +H,CO+H
(m/z15)

A detailed modeling of the full breakdown curves will be published elsewhere.
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NOTE ADDED IN PROOF

Recently, Burgers and Holmes [46] have measured the AH? of triplet
H,CO™ experimentally to be 1034 + 20 kJ mol~'. Using this value, the
AE(298) for HCO™ according to reaction (6) is calculated to be 14.1 eV. If
this is true, reaction (6) cannot be the source of m/z 29 below 14.0 V. In the
same series of experiments, the H,COH™" and H,CO™ ions were found to
eliminate H, through a common {ransition state. This implies that HCO*
produced by reaction (5) should appear at energies greater than 141 eV. In
the light of these results, the source of m/z 79 below 14.0 €V in photoioniza-
tion experiments remains a puzzle.
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